The introduction of all-trans retinoic acid (ATRA) in the late 1980s combined with anthracycline-based chemotherapy has revolutionized the prognosis of acute promyelocytic leukemia (APL) with more than 90% complete response rates and cure rates of approximately 80%. The subsequent advent of arsenic trioxide (ATO) in 1990s and progress in the treatment of APL have changed its course from a highly fatal to a highly curable disease. Despite the dramatic improvement in clinical outcome of APL, treatment failure still occurs due most often to early death. Relapse has become increasingly less frequent, most commonly occurring in patients with high-risk disease. A major focus of research for the past decade has been to develop risk-adapted and rationally targeted nonchemotherapy treatment strategies to reduce treatment-related morbidity and mortality to low-and intermediate-risk or older patients while targeting more intensive or alternative therapy to those patients at most risk of relapse. In this review, emerging new approaches to APL treatment with special emphasis on strategies to reduce early deaths, risk-adapted therapy during induction, consolidation and maintenance, as well as an overview of current and future clinical trials in APL will be discussed.
Introduction
Acute promyelocytic leukemia (APL) is a subtype of acute myeloid leukemia (AML) accounting for 1015% of the approximately 12,330 adults diagnosed with AML in the United States each year [Tallman and Altman, 2008] . The disease is characterized by the distinctive morphology of blast cells [Bennett et al. 1980 [Bennett et al. , 1976 , a lifethreatening coagulopathy [Tallman and Kwaan, 1992] , and a specific reciprocal translocation t(15;17) [Rowley et al. 1977] , which fuses the PML (promyelocyte) gene on chromosome 15 to the RAR-(retinoic acid receptor-a) gene on chromosome 17 [Grignani et al. 1993] . While the vast majority of APL cases contain t(15;17)(q22;q11.12), several variant translocations involving RAR-have been identified including t(11;17) and t (5;17) . Distinguishing between these translocations is important because patients with some variants are almost invariably resistant to all-trans retinoic acid (ATRA).
Prior to the introduction of ATRA, APL was among the most fatal subtypes of AML at presentation or during induction, primarily because of an associated complex and often catastrophic bleeding disorder [Tallman and Altman, 2008] . However, since the advent of ATRA in the late 1980s and arsenic trioxide (ATO) in the late 1990s, progress in the treatment of APL has changed its course from a highly fatal to a highly curable disease.
Despite the dramatic improvement in the treatment outcome of APL, treatment failure still occurs due most often to early death. Relapse has become increasingly less frequent, most commonly occurring in patients with high-risk disease. A major focus of research for the past decade has been to develop a risk-adapted treatment strategy to reduce treatment-related morbidity and mortality in low-and intermediate-risk or older patients while targeting more intensive or alternative therapy to those patients at most risk of relapse.
In this review, the treatment of APL is discussed with special emphasis placed on strategies to further increase the cure rate by reducing the early death rate and by adopting risk-adapted treatment approach during induction, consolidation, and maintenance.
Induction
The evolution of induction therapy in APL Prior to ATRA, APL was treated in the same way as other forms of AML. Induction consisted of an anthracycline and cytarabine, yielding complete remission (CR) rates of 6580% of newly diagnosed cases of APL [Head et al. 1994; Fenaux and Degos, 1991; Cunningham et al. 1989 ]. The remaining patients sustained early death, mainly from bleeding complications due to the coagulopathy or resistance to chemotherapy. Adverse prognostic factors for CR achievement or fatal hemorrhage included elevated blast or promyelocyte counts, old age, and severe coagulopathy at diagnosis [Degos et al. 1995; Sanz et al. 1988; Kantarjian et al. 1986 ]. However, even among patients who achieved CR with initial chemotherapy, 5065% of these patients subsequently relapsed and only 3050% of the patients remained alive at 2 years [Head et al. 1994; Fenaux and Degos, 1991; Rodeghiero et al. 1990; Cunningham et al. 1989 ].
The introduction of ATRA had prompted several study groups to explore the role of ATRA either as a single agent or in combination with chemotherapy. Although treatment with single-agent ATRA during induction results in CR rates of 7290% [Tallman et al. 1997; Chen et al. 1991; Castaigne et al. 1990a Castaigne et al. , 1990b Huang et al. 1988 ], the early mortality rate due to hemorrhagic complications and differentiation syndrome, often associated with a rapid rise in white blood cell (WBC) counts during the therapy with ATRA, remains high [Tallman et al. 2000 [Tallman et al. , 1997 de Botton et al. 1998; Vahdat et al. 1994; Fenaux et al. 1993 Fenaux et al. , 1992 Warrell et al. 1991] . Patients who achieve CR initially with ATRA alone generally relapse without additional chemotherapy. Therefore, subsequent trials focused on combining ATRA with chemotherapy to improve the clinical outcome. This combination results in extremely high antileukemic efficacy, leading to CR in 9095% of patients with primary resistance reported in just a few anecdotal cases [Tallman and Altman, 2008] .
The European APL (EAPL) group demonstrated that concurrent ATRA plus chemotherapy (3 þ 7 daunorubicin and cytarabine) led to a better outcome than sequential ATRA followed by chemotherapy in terms of reduced relapse rate at 2 years (6% versus 16%) [Fenaux et al. 1999] . Although the CR (94% versus 95%) and mortality rates had not clearly improved with concurrent ATRA and chemotherapy, this approach has the benefit of possibly reducing the incidence of differentiation syndrome from approximately 25% with ATRA alone [Tallman et al. 2000; Vahdat et al. 1994] to approximately 10% with concurrent chemotherapy and ATRA [Sanz et al. 1999; Avvisati et al. 1996 ].
Therefore, the simultaneous administration of ATRA and anthracycline-based chemotherapy is currently considered the standard induction treatment in newly diagnosed patients with APL. With regards to the choice of anthracyclines, no prospective randomized trials have compared daunorubicin and idarubicin in APL. Although a retrospective analysis in a preliminary form has suggested that idarubicin is associated with an improved outcome compared with daunorubicin or amsacrine [Berman et al. 1991] , there is no clear evidence that one anthracycline is clearly superior to another and both appear equally effective in APL.
The role of cytarabine in induction therapy
Unlike other forms of AML, anthracyclines have shown to be the most potent standard chemotherapeutic agents in APL ], but the role of cytarabine in addition to ATRA and an anthracycline during induction remains a matter of investigation. The cooperative groups Gruppo Italiano Malattie Ematologiche dell 0 Adulto (GIMEMA) and the Programa Españ ol de Tratamientos en Hematología (PETHEMA) have omitted cytarabine from the induction regimen, and demonstrated that ATRA combined with idarubicin alone (AIDA) is as effective in inducing remission with a cytarabinecontaining regimen with CR rates of 8995% regardless of the presenting WBC counts [Sanz et al. 1999; Avvisati et al. 1996 ]. The Medical Research Council (MRC) in the United Kingdom similarly reported no differences in response, relapse or overall survival rates in patients randomized between AIDA and ATRA with daunorubicin and cytarabine, and observed less myelosuppression with the regimen omitting cytarabine. In contrast, a randomized study by the EAPL group (APL 2000) demonstrated a statistically significant increase in relapse risk (13.4 versus 29%) and decrease in overall survival (92.9 versus 83.3%) when cytarabine was omitted from both induction and consolidation therapy [Ades et al. 2006 ]. This discrepancy may be explained by the differences in the consolidation regimens (ATRA versus no ATRA in the EAPL trial), the specific choice of anthracycline (idarubicin in the GIMEMA, PETHEMA, and MRC trials versus daunorubicin in the EAPL trial), the number of consolidation courses, and the cumulative doses of anthracyclines.
The emerging nonchemotherapy, rationally targeted treatment In the 1990s, significant benefits of ATO were reported in patients with relapsed and refractory APL [Soignet et al. 2001 [Soignet et al. , 1998 Niu et al. 1999] . In these patients, ATO can induce CR in 50% of patients after a single 5-week course and in 86% of patients after two cycles [Soignet et al. 2001 ]. These trials have established ATO as the single most active agent in APL and have prompted studies investigating the role of ATO in previously untreated patients.
As a single agent, ATO can induce CR in 8586% of patients with untreated APL, comparable with that achieved by ATRA-based therapy [Ghavamzadeh et al. 2006; Mathews et al. 2006 ]. The most benefit from single-agent ATO during induction and consolidation is observed in patients with the WBC counts of <5000/ml and platelet counts >20,000/ml at diagnosis with an event-free survival (EFS) of 100% at 3 years in a study by investigators in India [Mathews et al. 2006 ]. However, the outcome of patients with WBC >5000/ml at diagnosis appears to be inferior to a similar subset treated with ATRA plus chemotherapy, with an EFS of only 67% and a higher early death rate of 14.4% mostly from hemorrhagic complications [Mathews et al. 2006 ]. Therefore, therapy with single-agent ATO does not appear sufficient for many patients as a frontline therapy.
Combined use of ATRA and ATO has been shown to be synergistic in inducing differentiation and apoptosis in vitro and accelerating tumor regression in vivo, demonstrating a paradigm of rationally targeted therapy in leukemia [Zheng et al. 2005; Gianni et al. 1998 ]. Furthermore, an effective regimen lacking standard chemotherapeutic agents may potentially benefit patients unfit to receive intensive chemotherapy.
Investigators at the Shanghai Institute of Hematology conducted a randomized clinical trial in which patients were randomized to receive ATRA, ATO, or the combination of ATRA plus ATO as induction therapy [Shen et al. 2004] . Although all patients in CR after induction subsequently received consolidation and maintenance chemotherapy, potentially narrowing any differences in outcome among the three treatment arms, the combination treatment of ATRA and ATO achieved the lowest rate of relapse, a faster CR rate, and a greater reduction in the number of PMLRAR-transcripts with no apparent greater toxicity than each agent alone. The updated report from this trial with a 7-year follow up confirms the high efficacy and minimal toxicity of the combination treatment for newly diagnosed APL, suggesting a potential frontline therapy for de novo APL [Hu et al. 2009 ].
Investigators at the MD Anderson Cancer Center similarly demonstrated that the combination treatment is an effective treatment in untreated APL, but only for low-and intermediate-risk patients [Estey et al. 2006 ]. In this patient population, an impressive CR rate of 96% was achieved, with few late relapses even when chemotherapy was eliminated during consolidation [Ravandi, 2010; Estey et al. 2006 ]. However, high-risk patients achieved an inferior CR rate of 79% despite the addition of gemtuzumab ozogamicin (GO) or idarubicin during induction to prevent hyperleukocytosis and the APL differentiation syndrome.
More recently, the Australasian Leukaemia and Lymphoma Group (ALLG) treated 124 patients with newly diagnosed APL with induction consisting of ATRA, ATO, and idarubicin. This was followed by two courses of consolidation with ATRA and ATO and 2 years of maintenance with ATRA, methotrexate, and mercaptopurine. With a median follow-up of 20 months, the 3-year overall survival (OS) and EFS rates were 93% and 87%, respectively. This strategy maintained a high long-term remission rate with significant reduction in exposure to standard chemotherapy [Iland et al. 2010] .
These studies suggest that the combination of ATRA and ATO can effectively treat and potentially cure patients with low-and intermediaterisk disease, and has emerged as the most exciting new treatment strategy in APL as well as for patients who are considered unfit for conventional treatment and with severe comorbidities (e.g. patients with cardiac impairment or other severe organ dysfunction). However, concomitant use of cytotoxic drugs such as anthracyclines and cytarabine may be required, especially in patients presenting with high leukocyte counts, to prevent rapid development of leukocytosis and consequent APL differentiation syndrome. In rare cases where patients cannot tolerate anthracyclines due to severe cardiomyopathy and gemtuzumab ozogamicin is unavailable at treating institutions, cytarabine may be used as an alternative cytoreductive agent, although its efficacy without concomitant anthracyclines is unknown.
Strategies to reduce early death
Despite the dramatic impact of ATRA and ATO in the treatment of APL, deaths during induction from hemorrhage, infection, and differentiation syndrome continue to represent major causes for treatment failures in APL. Although multicenter cooperative studies report approximately 510% early deaths within 1 month or initiation of treatment [Burnett et al. 2007; Fenaux et al. 1999; Sanz et al. 1999; Asou et al. 1998; Mandelli et al. 1997; Tallman et al. 1997; Avvisati et al. 1996] , the true rate of early death in APL is likely to be higher [Micol et al. 2010; Park, 2010; Alizadeh et al. 2009; Derolf et al. 2009 ]. A large population-based study conducted in the United States examining the early death rates from 19922007 reported an early death rate of 17.3% despite ATRA, which is significantly higher than that reported in contemporary clinical trials [Park, 2010] . These findings identify previously unrecognized deficiencies in the treatment of APL and highlight the importance of raising clinical awareness of the rapid actions needed for diagnosis and aggressive supportive care to reduce the risk of early death. Therefore, it is important to consider the suspicion of APL as a medical emergency necessitating prompt initiation of ATRA and measures to counteract the coagulopathy at the very first suspicion of the diagnosis well before genetic confirmation.
Supportive measures to counteract coagulopathy consist of fresh frozen plasma, fibrinogen, cryoprecipitate and platelet transfusions to maintain the fibrinogen concentration and platelet count above 100150 mg/dl and 50,000/ml, respectively, which should be monitored at least twice a day [Sanz et al. 2009; Tallman et al. 2005 ]. Such replacement therapy should continue during induction therapy until disappearance of all clinical and laboratory signs of coagulopathy.
In addition to aggressive blood product support, ATRA should be started immediately at the first suspicion of APL. ATRA has been shown to rapidly improve biochemical signs of APL coagulopathy, reduce the severity of bleeding, and decrease the amount of blood product consumption [Di Bona et al. 2000 ]. Although the real impact of ATRA in reducing the early death rate is unclear [Visani et al. 2000; Tallman et al. 1997] , it is reasonable to presume a favorable riskbenefit ratio associated with this approach since ATRA is unlikely to have any deleterious effect should genetic assessment fail to confirm the diagnosis of APL. The role of ATO in reducing the early death rate is less clear, and more studies are required to better define the role of ATO with or without ATRA in reducing hemorrhagic complications during induction therapy [Hu et al. 2009; Estey et al. 2006; Shen et al. 2004 ].
Up to 50% of APL patients receiving ATRA during induction develop a reaction known as APL differentiation syndrome [Jurcic et al. 2007] . APL differentiation syndrome is characterized by fever, respiratory distress, radiographic pulmonary infiltrates, pleural or pericardial effusions, weight gain due to fluid overload, episodic hypotension, and acute renal failure. Although hyperleukocytosis is frequently associated with APL differentiation syndrome, the reaction may occur with a normal leukocyte count [Vahdat et al. 1994 ]. The cause of APL differentiation syndrome is unknown, although several mechanisms have been proposed, including the release of vasoactive cytokines, the expression of adhesion molecules on myeloid cell surfaces, and the ability of malignant promyelocytes to gain chemotactic properties as they undergo differentiation. The progression of APL differentiation syndrome can be terminated by early intervention with a short course of high-dose dexamethasone (10 mg twice a day for at least 3 days). Immediate recognition and appropriate intervention is imperative, since delayed treatment is associated with significant morbidity and mortality [Tallman et al. 2000; Frankel et al. 1992 ]. In uncontrolled trials, a very low mortality and morbidity rate was reported as a result of differentiation syndrome after ATRA treatment when corticosteroids were administered prophylactically in patients presenting with WBC counts >5000/ml [Sanz et al. 2004; Wiley and Firkin, 1995] .
Lastly, since optimal treatment is dependent on rapid access to diagnosis and hospital facilities with ATRA and blood products, patients with APL should be treated at specialized centers. Breccia and colleagues reported a significantly increased early death rate in patients who initially presented to nonspecialized primary care institutions with little experience in the treatment of acute leukemia . Therefore, the immediate and efficient access to experienced medical centers to reduce the time span between the first signs and symptoms and initiation of specific therapy is essential to improve the clinical outcome. Recognizing the complexity in treatment of APL and the need for multidisciplinary treatment approach, an expert panel from the European LeukemiaNet recently published its guidelines suggesting that patients with APL to be treated at specialized centers with a multidisciplinary team serving a population of no fewer than 500,000 patients and with at least five patients being treated per year with intensive chemotherapy [Sanz et al. 2009 ].
Consolidation
Although treatment with ATRA results in greater than 90% CRs and the combination of ATRA and chemotherapy has improved the outcome of APL, patients will invariably relapse, providing a rationale for consolidation chemotherapy [Mandelli et al. 1997 ]. However, there is still no consensus on the optimal type and intensity of consolidation therapy, and much of the research effort has been focused on developing a riskadapted treatment strategy to decrease the relapse rate in high-risk patients and reduce toxicity during consolidation therapy in low and intermediate risk and older patients. The consolidation approaches recently used by major cooperative studies are summarized in Table 1 .
The role of ATRA Although the benefit of ATRA when combined with chemotherapy for consolidation has not yet been demonstrated in randomized studies, historical comparisons of consecutive trials by the GIMEMA and PETHEMA [Sanz et al. 2004 ] groups showed a statistically significant reduction in the relapse rate (8.7 versus 20.1%) and a higher disease-free survival (DFS) and OS when ATRA was given in conjunction with chemotherapy. These reports suggest ATRA contributes to reduction of the relapse risk.
The role of cytarabine
In 2000, a joint meta-analysis of the PETHEMA and GIMEMA groups was carried out to identify relapse risk criteria in APL patients who had received an identical AIDA induction and a similar anthracycline-containing chemotherapy consolidation, and developed a predictive model to allow the distinction between low risk of relapse (WBC count <10,000/ml and platelet count >40,000/ml), intermediate risk (WBC count <10,000/ml and platelet count 40,000/ml) and high risk (WBC count !10,000/ml) [Sanz et al. 2000 ]. The resulting prognostic score has led to several risk-adapted trials in which consolidation varied according to the risk category.
Based on the benefit of cytarabine demonstrated in a joint study by the PETHEMA and the EAPL groups in high-risk patients [Sanz et al. 2000 ], the PETHEMA group conducted a study (LPA2005), in which high-risk patients received cytarabine combined with ATRA and idarubicin in the first and third consolidation courses (Table 1) . In this trial, they reported a favorable impact on the 3-year relapse rate (11% versus 26%, p ¼ 0.03) when cytarabine was added to the consolidation in high-risk patients, although no differences in DFS and OS were observed.
The GIMEMA group (AIDA2000) similarly reported a reduction of relapse rate (49.7 versus 9.3%) in high-risk patients when cytarabine was added to the consolidation (Figure 1 ) ]. However, it should be noted that in the GIMEMA study, ATRA was also added to the consolidation therapy, which may have contributed to the improved outcome observed in the trial. In contrast, the study by the UK MRC group, published only in abstract form, showed no benefit of cytarabine, irrespective of risk category.
Taken together, the majority of studies suggest a potential benefit of cytarabine in high-risk patients possibly due to the synergistic effect of the combination of ATRA plus cytarabine [Flanagan and Meckling, 2003] , and that cytarabine could be avoided for low-and intermediate-risk patients, at least with high doses of idarubicin during induction and consolidation Denotes slightly reinforced idarubicin at 7 mg/m2 for 4 days (consolidation 1) and at 12 mg/m2 for 2 days (consolidation 3).
2 Denotes slightly reinforced mitoxantrone at 10 mg/m2 for 5 days.
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Nonchemotherapy consolidation regimen for low-and intermediate-risk patients
In order to reduce toxicity and chemotherapy exposure, several groups have investigated the role of ATO in consolidation as part of the firstline treatment. In a phase II study, Gore and colleagues substituted at least one cycle of cytotoxic chemotherapy with ATO, and reported a comparable outcome to previously reported trials using a risk-adapted approach [Gore et al. 2010 ]. The North American Intergroup addressed the role of ATO during consolidation in a randomized trial, in which patients received two courses of 25 days of ATO (5 days/week Â 5 weeks) as a first consolidation followed by further consolidation with two courses of ATRA plus daunorubicin (Table 1 ) [Powell et al. 2010 ]. The results from the trial show that the addition of ATO as initial consolidation therapy significantly improves DFS and OS in patients of all risk groups (Figure 2 ).
Investigators at the MD Anderson Cancer Center completely eliminated cytotoxic chemotherapy from consolidation and reported a comparable clinical outcome (3-year survival 85%) using ATRA and ATO for 28 weeks as the only postremission therapy but with a slightly worse outcome in high-risk patients [Ravandi et al. 2009 ]. The Indian APL Study Group (IAPLSG) treated patients in all risk groups with a single-agent ATO during induction and consolidation, and reported the clinical outcome comparable to that achieved with conventional combination chemotherapy in low-and intermediate-risk patients. However, for the high-risk patients, the relapse rate was higher (17% 5-year cumulative incidence of relapse) than with conventional therapy [Mathews et al. 2010 ].
In summary, the majority of studies suggest a potential synergism of an ATRA and ATO combination and raises the possibility of minimizing or even eliminating chemotherapy in patients with low-and intermediate-risk patients. Ongoing randomized trials comparing ATRA þ ATO to ATRA þ chemotherapy will hopefully answer the question of deintensifying APL therapy in this group of patients without compromising cure rates.
Maintenance
Despite two randomized trials demonstrating a substantial benefit provided by including an ATRA-based maintenance therapy, the systematic use of maintenance therapy is still controversial, particularly for low-and intermediate-risk patients and for patients achieving molecular remission at the end of consolidation. In fact, the maintenance therapy in the low-and intermediate-risk elderly patients may be harmful as shown by the EAPL group study that reported an 11% death rate in CR mainly from sepsis secondary to myelosuppression [Fenaux et al. 1999 ]. Furthermore, the introduction of ATO into first-line treatment for APL may reduce significance of maintenance therapy.
The North American Intergroup study first reported a clinical benefit with the ATRA-based maintenance therapy for a year in terms of a reduction in relapse rate (22% versus 39%) and a higher 5-year DFS (61% versus 36%) [Tallman et al. 2002; Tallman et al. 1997] . Similarly, the EAPL group confirmed the beneficial effect of adding ATRA to maintenance therapy in a randomized study with the regimen consisting of continuous low-dose 6-mercaptopurine and methotrexate in addition to intermittent ATRA [Fenaux et al. 1999 ]. More importantly, the EAPL group recently updated the results of their previous study reporting for the first time that the clinical benefit of maintenance therapy was mainly observed in high-risk patients while only a marginal benefit was noted in patients with low-and intermediate-risk disease [Ades et al. 2010] . In contrast, two other randomized trials by the GIMEMA and Japanese Adult Leukemia Study Group (JALSG) have reported no benefit from maintenance therapy Asou et al. 2007 ]. However, the JALSG group trial did not include ATRA as maintenance and the GIMEMA trial has been published only in abstract form.
The discrepancy in these studies suggests that the benefit of maintenance treatment may depend on prior induction and consolidation therapy, and PMLRAR-status after consolidation therapy. For example, both the GIMEMA and JALSG [Asou et al. 2007 ] groups administered three cycles of consolidation therapy and used idarubicin as anthracycline for induction and consolidation chemotherapy, whereas the EAPL [Fenaux et al. 1999] and North American Intergroup [Tallman et al. 1997 ] studies gave only two consolidation courses and used daunorubicin. Moreover, while studies by the GIMEMA and JALSG groups were carried out in patients testing negative for PMLRAR-at the end of consolidation, the North American Intergroup and EAPL studies did not examine the molecular remission status at the end of consolidation, raising a question whether the benefit provided by the maintenance therapy is largely from patients with residual disease following consolidation.
These studies suggest that patients with low-and intermediate-risk APL and who achieve complete molecular remission after consolidation therapy may not benefit from the combination maintenance therapy.
For high-risk patients, maintenance therapy for 12 years with intermittent ATRA and lowdose chemotherapy with 6-mercaptopurine and methotrexate is recommended. Since there are no prospective trial data comparing 1 or 2 years of maintenance therapy, the current recommendation is to continue maintenance therapy for 2 years unless toxicity develops.
Following maintenance: minimal residual disease monitoring Detection of PMLRAR-fusion transcripts using qualitative reverse transcriptase polymerase chain reaction (RT-PCR) assays in bone marrow samples at the end of consolidation or maintenance therapy has been shown to correlate with the relapse risk [Grimwade and Lo Coco, 2002; Lo Coco et al. 1999] . Several groups have conducted studies to investigate the role of minimal residual disease (MRD) monitoring as a tool to direct pre-emptive therapy.
In the pre-ATO era, a prospective study by the PETHEMA group reported poorer survival in patients salvaged in frank relapse as compared with those treated in molecular relapse with comparable therapy [Esteve et al. 2007 ]. However, in the setting of highly effective salvage regimen with ATO, the role of MRD monitoring and optimal management for patients with documented molecular relapse remains uncertain [Breccia et al. 2004; Diverio et al. 1998 ].
A more recent prospective study by the UK MRC group has demonstrated that early treatment intervention with ATO on the basis of MRD monitoring prevented progression to overt relapse with a 3-year cumulative incidence of clinical relapse of 5%. In this study, however, the most benefit of sequential MRD monitoring was observed in high-risk patients. Therefore, at the present time, it seems reasonable to monitor patients with high-risk disease every 3 months from bone marrow samples or peripheral blood until 36 months postconsolidation as suggested by the study ]. However, the role of sequential MRD monitoring in lowand intermediate-risk patients remains uncertain when the available therapy is so effective in inducing CR in these patients. Future studies are warranted to investigate whether the sequential MRD monitoring and MRD-directed therapy should be adopted as a standardized and costeffective approach across the risk groups in APL.
Therapy at relapse ATO is currently considered the best treatment option for patients who relapse. Several studies have demonstrated the high and sustained efficacy of ATO in patients with relapsed or refractory APL with CR rates of 8090% and long-term survival of 5070% at 13 years [Shigeno et al. 2005; Au et al. 2003; Lazo et al. 2003; Raffoux et al. 2003; Niu et al. 1999 ]. The benefit of ATRA when added to ATO during induction in relapsed setting is not clear. Although a prospective randomized trial conducted by the investigators in France reported no benefit, it seems that some patients may have been resistant to ATRA [Raffoux et al. 2003 ].
Once patients attain the second CR (CR2), the options for consolidation include repeated cycles of ATO, standard chemotherapy in combination with ATRA and/or ATO, and hematopoietic stem cell transplantation (HSCT). Among these options, the best consolidation strategy is unknown. However, there is evidence to suggest improved outcome with treatment intensification with HSCT. Using autologous HSCT (auto-HSCT), a 7080% 5-year DFS can be expected [Thirugnanam et al. 2009 ]. Allogeneic HSCT (allo-HSCT) involves a greater risk of treatment-related mortality (TRM) but offers a greater antileukemic activity due to the graftversus-leukemia effect.
No formal guideline currently exists to help choose between auto-and allo-HSCT in relapsed APL as there have been no randomized controlled studies comparing the efficacy of autoversus allo-HSCT. However, MRD monitoring can help inform decisions regarding transplantation in patients relapsing following frontline therapy. The GIMEMA group reported that patients with evidence of MRD who received a PCR-positive autograft invariably relapsed, whereas the majority of those transplanted in CR2 with a PCR-negative graft remained in remission [Meloni et al. 1997 ]. These data have recently been confirmed in a UK study that reported, in a preliminary form, 12 of 13 patients who underwent auto-HSCT in CR2 with a PCR-negative harvest remain in remission at a median of 2 years [Kishore et al. 2010] . The current best strategy appears to be auto-HSCT following ATO if molecularly negative cells can be harvested. However, patients with persistent detectable PML RAR-following ATO should proceed to allo-HSCT if a suitable HLAmatched donor is available.
The benefit of allo-HSCT in the relapsed setting has been demonstrated by several studies. A large survey by the European Cooperative Group for Blood and Marrow Transplantation of 625 patients reported a lower risk of relapse with allo-HSCT but the outcome was similar between auto-and allo-HSCT groups due to higher TRM (24% in CR2) associated with allo-HSCT [Sanz et al. 2007] . In this series, a shorter time from diagnosis to transplant (<7.6 months in CR1 and <18 months in CR2) was associated with higher relapse incidence in patients treated with auto-HSCT, and these patients may benefit more from allo-HSCT. Several other retrospective studies have reported a similar finding of lower relapse but higher TRM with allogeneic compared with autologous HSCT [Kohno et al. 2008; de Botton et al. 2005; Lo-Coco et al. 2003 ]. It should be noted that higher TRM in these studies were mainly observed in patients receiving very intensive chemotherapy regimens prior to allo-HSCT. With the advent of less-toxic and nonmyelosuppressive agent such as ATO, the outcome with allo-HSCT is likely to improve but will require further studies to confirm.
For patients who are unfit to proceed to HSCT, the available options include repeated cycles of ATO with or without ATRA or chemotherapy. Again, no clear guidelines exist to help choose between these options, but, in the U.S. muticenter study, four cycles of ATO as a single agent following induction and consolidation, 50% of patients were alive and free of recurrence at a median follow up of 17 months [Soignet et al. 2001 ].
Management of central nervous system relapse
The central nervous system (CNS) is the most common site of extramedullary relapse in APL and at least 10% of hematologic relapses are accompanied by CNS involvement [Evans and Grimwade, 1999] . The reported incidence of CNS relapses in APL ranges from 0.6% to 2% [Montesinos et al. 2009; de Botton et al. 2006; Specchia et al. 2001] , and is invariably associated with marrow relapse and poor prognosis [de Botton et al. 2006 ]. CNS relapse has been shown to occur more frequently in patients with increased WBC count (>10 Â 10 9 /l), in younger patients (age <45 years), prior CNS hemorrhage, and in those with the bcr3 PMLRARa isoform, although only high WBC count appears to be the most consistent predictive factor [Montesinos et al. 2009; de Botton et al. 2006; Breccia et al. 2003 ]. However, there is a paucity of information in prevention and management of CNS relapse in patients with APL.
Because the majority of CNS relapses occur in patients presenting with hyperleukocytosis, some strategies include CNS prophylaxis for patients in this particular high-risk setting, either in the form of high-dose cytarabine, ATO or intrathecal therapy (ITT) [Ades et al. 2006; Breccia et al. 2003 ]. The EAPL group recently reported a preliminary data demonstrating a trend toward lower incidence of CNS relapse when high-dose cytarabine was incorporated into consolidation therapy (0.4% versus 2.05%) but unclear role of intrathecal CNS prophylaxis, although numbers were too small to conclude [Ferini et al. 2010] . Another notable finding from the same study was an improved outcome of patients with CNS relapse compared with the historical control, which the authors attributed to the treatment of relapses with ATO [Ferini et al. 2010] . ATO has been demonstrated to penetrate the bloodbrain barrier [Au et al. 2008] , and may provide CNS prophylaxis to some extent when administered during first-line treatment. For patients without hyperleukocytosis, in whom the risk of CNS relapse is extremely low, there is a general consensus to avoid CNS prophylaxis. Currently, there is no standard CNS prophylactic therapy for high-risk patients, and prospective randomized studies comparing different regimens (high-dose cytarabine versus ATO versus ITT) will be required to formally answer the question. However, given the limited number of CNS events expected using these approaches, this type of trials will require large number of patients and may not be feasible.
Optimal management of APL patients with CNS relapse has not been critically assessed. In the absence of prospective or randomized trial data, it seems reasonable to adopt the treatment approach of CNS relapse in acute lymphoblastic leukemia and other subtypes of AML. In this regard, the expert panel from the European LeukemiaNet suggests induction treatment of CNS relapse consisting of weekly triple ITT with methotrexate, hydrocortisone, and cytarabine until complete clearance of blasts in the cerebrospinal fluid (CSF), followed by 610 more spaced out ITT treatments as consolidation [Sanz et al. 2009 ]. Because CNS disease is almost invariably accompanied by hematologic or molecular relapse in the marrow, systemic treatment should also be given. One approach could be to incorporate therapy with known CNS penetrance (e.g. high-dose cytarabine and ATO) while ITT is being delivered. In patients responding to treatment, allogeneic or autologous transplant should be the consolidation treatment of choice including appropriate craniospinal irradiation.
Genetic variants of APL While the leukemia cells from vast majority of APL cases contain t(15;17)(q22;q11.12), several variant translocations involving RAR-have been identified including t (11;17) and t(5;17) . Distinguishing between these translocations is important because patients with some variants are almost invariably resistant to ATRA. However, specific management of the rare genetic variants of APL cannot be recommended because the available evidence is mostly based on single case reports. Nevertheless, it is reasonable to treat patients with ATRA-sensitive variants with standard protocols involving ATRA combined with anthracycline-based chemotherapy, while those with ATRA-resistant variants should be managed with AML-like approaches. Specifically, NuMARAR-(NuMA, nuclear mitotic apparatus gene) from t(11;17)(q13;q21) translocation and NPM1RAR-from t(5;17)(q35;q21) translocation are known to be ATRA-sensitive, while STAT5bRAR-from der(17) and PLZFRAR-(PLZF, promyelocytic leukaemia zinc finger PLZF) from t(11;17)(q23;q21) are known to be ATRA-resistant [Arnould et al. 1999; Redner et al. 1996; Guidez et al. 1994 ].
Current and new clinical trials
Nonchemotherapy regimens in newly diagnosed APL The Southwest Oncology Group (SWOG) is leading a North American intergroup study, which is a phase II trial examining nonchemotherapy induction for high-risk patients using ATRA, ATO, and gemtuzumab ozogamicin ( Table 2) . Following induction, patients receive three courses of consolidation, first with ATO followed by ATRA and daunorubicin, and then by gemtuzumab.
In non-high-risk APL, the GIMEMA group is conducting a randomized trial investigating nonchemotherapy induction and consolidation treatments consisting of ATRA and ATO compared with anthracycline-based chemotherapy (AIDA). Similar randomized studies have been initiated by the British National Cancer Research Institute (NCRI AML17 trial) and the investigators in France, which include all patients regardless of the presenting WBC counts. These trials will address the very important question of whether chemotherapy can be completely eliminated during induction and consolidation in APL by comparing the efficacy, safety and costeffectiveness of ATRA and ATO regimen to the standard ATRA plus anthracycline chemotherapy approach.
In an attempt to further reduce the exposure to cytotoxic therapy, the IAPLSG is conducting a phase II/III study wherein patients will receive ATO as a primary induction therapy followed by either 6 or 12 months of ATO maintenance.
Novel agents for relapsed disease Newer agents being studied in the setting of relapsed disease include a synthetic retinoid Tamibarotene [Di Veroli et al. 2010] and an oral retinoid analogue NRX 195183. Tamibarotene was developed to overcome ATRA resistance and is currently being studied in combination with ATO in patients with relapsed disease. NRX 195183 is being studied as a monotherapy during induction and postremission for patients with relapsed APL (Table 3) .
Optimal consolidation following second CR
In order to address the question of optimal postremission therapy following the second induction therapy with ATO, the German AML group and the PETHEMA group will each conduct randomized studies to examine the role of allo-HSCT or auto-HSCT or ATO plus ATRA in patients in second CR (Table 3) .
Future trials
Future prospective clinical trials are warranted to address the role of maintenance therapy in low-and intermediate-risk group patients, particularly when ATO is incorporated into induction and consolidation. The role of sequential MRD monitoring and MRD-directed therapy following successful first-line therapy remains unclear and requires further investigations. However, the design of a randomized study comparing pre-emptive versus delayed treatment would be ethically questionable because of the obvious advantage provided by pre-emptive treatment on counteracting early hemorrhagic mortality. In regards to prevention of coagulopathy related complications or reducing early death, although it will be difficult to address this question in clinical trial settings, early introduction of ATRA, very aggressive blood product support, and transfer to experienced medical centers will likely to have a major impact on reducing early deaths in APL.
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